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Knowledge of long-term wind regime that determines the seasonal and annual patterns of sediment 
transport is essential to understand the dynamics of the Aeolian environment and dune 
morphology. Oceano Dune is one of the largest active dunes on the coast of California. This study 
employs the one-minute averaged five-year data from the measurements within the Oceano 
dunefield since 2010 to study the 10-meter study wind regimes, threshold speed, and sand transport 
potential. Though winds from west to northwest occur throughout the year, they are persistent and 
relatively strong only during spring and early summer. Threshold wind speed computed for 417 
transport events from 2011 to 2015 ranged between 5.18 m/s to 8.49 m/s and did not follow any 
specific seasonal trend. No significant correlation between mean air temperature and relative 
humidity with threshold wind speed was observed. The annual average sand transport potential 
reveals that the Oceano dunes lie in the intermediate wind energy environment for saltation 
activity. Almost 2/3rd of the annual transport potential is contributed by March to June months, 
which are the crucial period for transport activity. Oceano Dunes experiences strongly 
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 Chapter 1: Introduction  
 
 
1.1 Introduction  
 
The processes involving the erosion, transportation, and deposition of sand and dust by the 
turbulent wind energy is known as Aeolian processes. The supply of sediment of suitable grain 
sizes (source for an Aeolian system), the availability of this sediment for transport (susceptibility 
of surface grains to entrainment by the wind) and the transport (sediment carrying) capacity of the 
wind, governs the development of Aeolian field areas (Kocurek and Lancaster 1999).  The 
pioneering research from Ralph Bagnold (1941) has set up the background for the study of Aeolian 
sediment transport. He identified that the shear stress, exerted by the wind on the bedform, is the 
energy behind the sand transport. With the advancement of computational tools and measuring 
instruments, several field studies (Wiggs 1993; Frank and Kocurek 1996; Lancaster et al. 1996; 
Mckenna Neuman et al. 1997, 2000) have been made to understand the in-situ relationship between 
sediment flux, shear stress and dynamics of boundary layer flow.  
 
The modes of particle transport can be divided into several physical regimes depending upon the 
size of the particles: suspension (20-70 µm), saltation (70-500 µm) and creep (>500 µm).  Saltation 
occurs when the sand-sized particle is lifted by the wind and hops along the surface (Bagnold 
1941), and saltation bombardment is the dominant mechanism that maintains the dust emission 
fluxes from the surface (Shao et al. 1993). Particles of size <20µm (long-term suspension) and 20-
70µm (short-term suspension) are discharged from the surface to the atmosphere due to the impact 




than 500µm, because of high inertia, settles back to the surface after a short hop, in a transport 
process known as reptation. Creep is the process of rolling and sliding of larger particles along the 
surface, being mobilized by wind drag forces and saltating particles (Bagnold 1941). Thus, grain 
size, by controlling threshold velocity for sand movement, may determine the wind regime, and 
therefore strongly influence the Aeolian activity (Lancaster 1995). 
 
Transport of sediment on Aeolian environment relies on variable parameters depending on the 
geographical location (such as desert or coastal area) of the bedform. Factors such as fluctuating 
wind speed and direction, range of grain size, the moisture content, the formation of crust in the 
presence of salt and moisture (especially in the coastal area), and the presence of vegetation 
controls the sand transport rate (Gares et al. 1996; Lancaster and Baas 1998; Sherman et al. 1998; 
Nordstrom and Jackson 1992; Wiggs et al. 2004b).   
 
Threshold wind shear velocity is the key parameter in the study of Aeolian erosion and the 
prediction of dust emission. The frequency of sediment transport and dust emission is proportional 
to the number of the events when the wind speed exceeds the threshold value (Onfeldt 2004). 
Transport threshold is the minimum wind speed or stress required for the entrainment of sediment 
for transport from the surface (Bagnold 1941). Bagnold (1941) divided the threshold wind shear 
stress into fluid threshold and the impact threshold. The fluid threshold is the value of wind shear 
stress at which the saltation is initiated. Along with the properties of the fluid, this threshold value 
also depends on the gravitational and cohesion forces that oppose the particle lifting. After the 
particle is lifted the minimum wind stress required to sustain the ongoing saltation is known as 




transfer through the particle impact is more efficient than through the wind drag (Kok et al. 2012).  
 
Different methods and models have been established to determine the threshold wind speed for the 
sediment to be transported in the Aeolian environment. However, most of the methods have been 
developed under the restricted area of the wind tunnel (Bagnold 1941; Nickling 1988; Iversen and 
Rasmussen 1994). Threshold shear velocity for the initiation of the grain motion based on the 
Bagnold’s (1941) derivation can be expressed as: 
 
    𝑢∗# = 𝐴
&'(&)
&)
		𝑔𝑑         (1.1)  
Where d is a grain diameter, g is an acceleration due to gravity, ra is air density and rs is the density 
of sediment. Here, coefficient A is a dimensionless constant (0.1 for common grain sizes).  
 
But to truly represent the threshold wind speed, it is difficult to reproduce the boundary layer 
turbulent environment within the wind tunnel (Stout and Zobeck 1996). Therefore, to determine 
the threshold value for sand transport in a real environment, Stout and Zobeck (1997) developed a 
technique called time fraction equivalence method. In this method, Stout and Zobeck used 
measurements of saltation activity and wind speed from the Aeolian field to compute the threshold. 
This technique determines the threshold by satisfying the condition that fraction of time above 
threshold speed is equivalent to the fraction of time the saltation activity occurs. This method gives 
a single representative value of the threshold for the entrainment activity occurred during the 




transported at a location should be represented in terms of a range of values depending on the 
nature of bedform rather than the single value (Nickling 1988).  
 
Threshold speed is essential in Aeolian studies for describing the relation between the wind energy 
and initiation of sediment transport in natural conditions. The Aeolian studies including the 
migrating dunes and wind-blown sand are important in different aspects. The initiation of sand 
drifts and dune movement is caused by changes in several natural factors and human activities. 
The migrating dunes and wind-blown sand may invade forests, bury roads, reduce visibility, causes 
personal discomfort, and increase desertification (Sherman and Nordstrom 1994). During the 
strong wind events or even in the annual mean, mineral dust (aerosols) from coast and deserts 
significantly impact the atmospheric radiation budget. Also, it interacts with liquid or cloud ice 
and changes the properties and lifetimes of cloud (Mahowald et al. 2014). The deposition of dust 
particles modifies the land and ocean ecosystem and alters the snow albedo (Painter et al. 2007) 
and also the inhalation of dust is hazardous to human health.  
 
Along with the local sediment supply, grain size, initiation of sand movement by wind, vegetation 
cover, Aeolian activity (or dune activity) is also a function of climatic conditions in mesoscale and 
microscale. In areas where wind directions vary seasonally, the spatial pattern of erosion and 
deposition of sediment also changes with each wind season (Lancaster 1995). Many studies have 
been performed to relate the climate change with dune movement and assess its future impact 
(Muhs and Maat 1993; Wang et al. 2006; Lancaster 2013). But, very few studies (Livingstone 
2003; Besler et al. 2013; Zhang et al. 2016; Jewell and Nicoll 2011) have been conducted on the 




The long-term analyses of meteorological parameters on a short-term basis (monthly and seasonal) 
that affects the sand transport is very infrequent. The detailed continuous measurement of sediment 
movement and meteorological variables can lead the insight into dune dynamics and Aeolian 
processes. The direction and rate of Aeolian sand transport are strongly governed by the wind 
regime i.e., the velocity distribution and directional variability (Pye and Tsoar 2009). A better 
understanding of wind regime that identifies the seasonal and annual patterns of sediment transport 
broadens the knowledge of dunes and dune fields. 
 
This thesis employ the five years (2011-2015) one minute averaged measurement of winds, 
saltation activity, and meteorological parameters conducted by California State Parks at the 
Oceano Dunes State Vehicular Recreation Area (ODSVRA), highly active coastal dune field. This 
research provides an assessment of wind regimes, sediment transport threshold and transport 
potential over a period of five years on a seasonal and annual scale.  It contributes to the further 
understanding of critical variables affecting sand transport rates and dune dynamics.  
 
1.2 Purpose and Objectives 
 
The purpose of this study is to improve our knowledge on the wind regime, threshold wind velocity 
and transport potential on seasonal and annual scales in Oceano Dunes, California. The specific 
objectives of this research are: 
 




2) To determine the sand transport event from 2011 to 2015, compute the threshold wind 
speed for each event and study the relationship of threshold wind speed with the air 
temperature and relative humidity on a seasonal and annual basis. 
3) To measure the sand transport potential using the Fryberger and Dean (1979) method. 
 
1.3 Thesis Outline 
 
The remainder of the thesis will be organized as follows. Chapter two includes the theoretical 
background on boundary layer flow over the dunes. In addition, it focuses on the relationship 
between airflow, sediment flux and dune morphology over the stoss slope of the dunes. This 
section will be based on the field experiment performed by (Lancaster et al. 1996) and (Mckenna 
Neuman et al. 1997).   
 
Chapter three discusses the site description, data collection and research methodology, and 
technique used to analyze the data. Chapter four presents the results and discussion of the obtained 
result. Threshold wind speed, obtained using time fraction equivalence method, for the saltation 
activity to occur will be computed and compared with the one determined using regression method. 
Also, the relationship of different meteorological variables with the threshold value will be studied.  
Along with this, potential sand transport regime on seasonal and annual basis will be examined. 












This chapter presents the basic theoretical background and literature review on dune dynamics. 
Section 2.2 introduces the dunes which is followed by section 2.3 that presents a review of 
boundary layer flow over the dunes. The relationship between airflow, sediment flux and dune 
morphology over the stoss slope of the barchan and reversing dunes will be discussed in last two 
sections. These sections will be based on the field experiment performed by (Lancaster et al. 1996) 




A dune is a hill of sand existing on the planetary surface between about 30 cm and 400m high and 
between about 1m and 1km wide (Cooke et al. 1993). The fluctuation in sediment transport rates 
in time and space that results in erosion and deposition determines the initiation, development, and 
equilibrium morphology of all dunes. Therefore, spatial changes in sand transport rates control the 
dune morphology. In addition, the directional variability of wind, vegetation and moisture content 
in sand also determines the dune morphology (Lancaster 1995). The shape and size of dunes reflect 
the characteristics of the sediment (primarily the grain size) and the surface wind regime 
(directional variability of the wind). Many large dunes are also characterized by superimposed 
bedforms that respond to changes in airflow and sediment transport on the megadune itself. In 
many areas, the settlement of past climates and wind regimes is a significant factor in determining 





2.3 Boundary Layer Flow 
 
In a boundary layer, for a flat homogeneous surface and neutral atmosphere, a relationship known 
as Law of the wall describes the log-linear increase of mean horizontal wind speed, which is 
expressed by the Prandtl-von Karman equation as:  
 







]           (2.1) 
 
Where (k » 0.4) is the von-Karman constant, u8 is the wind velocity measured at height z. Here, 
z: is the aerodynamic roughness length which is defined as the height above the surface where 
wind velocity tends to zero, i.e., if we extrapolate the log profile towards the surface, wind speed 
becomes zero at height z: , as shown in Fig (2.1).  And, u∗  is the shear velocity or friction velocity 
which is determined using the slope of the log height and wind speed. Von Karman equation is 
used to estimate the surface shear stress which cannot be measured directly and is responsible for 
the sediment transport 
 
    		t; = 	r<𝑢∗
=                                                             (2.2) 
 
where r> = 1.225	kg/m







    
 





Bagnold (1941) for the first time introduced a relationship between the sediment transport rate and 
wind shear velocity. The sediment transport rate (q) is expressed as:  
 




𝑢∗G          (2.3)  
Where d is the grain diameter, D is the grain diameter of standard sand (taken as 0.25mm), r is the 
density of air, u∗is the shear velocity and value of C, the empirical coefficient, depends on the 
grain distribution. C =1.5 for uniform sand, 1.8 for naturally graded and 2.8 for poorly sorted sand 
(Bagnold 1941). 
Boundary layer flow over the dunes can be illustrated in an identical way as described in Jackson 
and Hunt model (Jackson and Hunt 1975) of turbulent wind flow over a low hill. This model 
    Ln z 
𝑧; 
Wind Velocity (u8) 





divides the boundary layer on a uniformly rough surface over a two-dimensional hump into outer 
and inner regions. Surface shearing forces have no effect on the outer region and thus have minimal 
turbulent momentum exchange. While within the inner region, the wind speed profile is 
logarithmic. The turbulent momentum transfer and surface shear stress responsible for sediment 
transport is significant within the inner region. According to Jackson & Hunt (1975) for a hill with 
surface roughness (z:), the thickness of the inner layer (l) is computed using, 
   




= 2𝑘=     (2.4) 
 
Where k = von Karman constant and L denotes the characteristic length scale of the hill (length 
from the crest to half dune height). The Jackson & Hunt model of boundary layer flow over a low 






Fig 2.2: (a) The Jackson & Hunt model of boundary layer over a low hill (Jackson and Hunt 1975), 
where d is the depth of boundary layer. (b) Model of variations in surface shear stress and pressure 
over a standard hill (Taylor and Gent 1974). (c) Hill morphology with length and height expressed 




The inner region is further divided into two sublayers: shear stress layer and inner surface layer. 
Within the very thin inner surface layer shear stress is constant and is in equilibrium with surface 
roughness (Hunt et al. 1988) and its thickness is given by,  
 
      𝑙T ≈ 𝑙𝑧; V.W          (2.5) 
 
Jackson & Hunt model considers that the surface is spatially homogeneous and has a uniform 
surface roughness (z:).  But, for dune surfaces which consist of loose and transportable particles, 
surface roughness remains constant and in equilibrium with bedform only if there is no sediment 
transport or surface is immobile. According to Owen (1964), sediment transport due to the saltation 
causes an increase in effective surface roughness which is proportional to the shear stress and 
hence to the sediment transport. He suggests that the apparent saltation induced roughness can be 
formulated as 
 
     𝑧;X~
-∗Z
=L
           (2.6) 
 
Thus, because of sediment transport, effective surface roughness increases which alter the near-
surface wind speed profile. This feedback mechanism reduces the surface shear stress available 
for sediment entrainment and transport which makes the system extremely complex (Mckenna 
Neuman et al. 1997). 
 
Enhanced roughness does not occur for the shear velocity values less than the threshold shear 









          (2.7) 
 
This shows that the apparent roughness will be zero when the shear velocity equals the transport 
threshold shear velocity. 
 
The complex interactions and feedbacks between the dune morphology, airflow and sediment 
transport rates controls the morphodynamics of desert sand dunes. The processes involved in dune 
dynamics as summarized by (Best 1993) to link up the flow field, sand flux and bedform 
morphology is shown in Fig (2.3).  
 





2.4 Experimental study of sediment flux and air flow on the stoss slope of a  dune  
(Lancaster et al. 1996)  
 
The most extensive dunes in the Oceano Dunes SVRA are the crescentic dunes.  The reanalysis of 
this study provides background knowledge on the airflow and sediment transport over the stoss 
slope of the crescentic dunes. An experimental study of sediment flux and air flow over a stoss 
(windward) slope was performed in an isolated barchan dune of Salton Sea dune field, in southern 
California. Fig 2.4 represents the schematic diagram of the experimental set up on the study dune 
(Lancaster et al. 1996). In this experiment, sand flux measurement was conducted using sand traps, 
and wind speed was measured using anemometer mast on the stoss slope of the dune. Wedge-
shaped sand traps were placed 8 m apart from toe to the brink line of the dune and six different 
traps were planted on each row forming a grid. Anemometer masts, with an anemometer at 
different height ranging from 0.1 m to 10 m, were installed 8m apart from base of the dune to the 
brink line along the dune center line. Two supplementary masts were placed 10 m apart from the 
center line on the mid slope. An anemometer at the height of 10 m was installed on a mast 100 m 
upwind, to study the approach wind towards the study dune. The data was collected for five 





      
 
    











2.4.1 Result and discussion 
 
2.4.1.1 Wind speed and sediment flux 
 
Fig 2.5 shows the wind speed (ms-1) measured at height 0.5 m, each row averaged sediment flux                                         
(gm cm-1s-1) and normalization of mean flux to maximum flux which for all runs occurred at the 
brink line. An increase in wind speed profile was recorded up the windward slope of the study 
dune with an average speed up factor of 1.12 moving up the slope from base to the crest of the 
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      Anemometer  
masts         
Fig:2.4. Experimental set up of anemometer masts and sand traps on the study dune 




at the toe and maximum at the crest line. Identical pattern of sediment flux had been observed in 
each row for every run. Normalization of mean flux indicates that increment in sand flux is 
exponential for lower wind speed while it tends to be linear at higher wind speed towards the brink 
line. The change from exponential to linear behavior happens because the wind near or equal to 
threshold speed initiates saltation in slower rate, while saltation flux approaches towards saturation 
in a short distance with wind speed much higher than threshold value. But, due to the temporal 
variation of wind speed and continuous flow acceleration up the dune, no equilibrium is achieved 








Fig 2.5: Wind  speed, mean flux and normalized flux up the slope from base (8 m) to brink line 
(40 m) . 
 
2.4.1.2 Shear velocity 
 
Shear velocity is computed using two different methods (a) log law (wind profile), which uses 
wind speed measured at a different height and (b) using Bagnold sediment flux equation. Though 
the wind velocity increases up the stoss slope, wind shear velocity (u*) computed using measured 
wind profile, decreases towards the crest from the base (fig: 2.6 (a)) which is analogous to the 
result presented by the experiment performed on different dune field by (Frank and Kocurek 1996). 
Regardless of the bedform being highly active and saltation activity is fully developed at the crest, 
u* for each run is just above or below the threshold value calculated using the equation 2.1. As 
shear velocity derived from log law decreases, flux equation presented by Bagnold (q∝ u*3) 
reflects that sediment flux needs to decrease up the stoss slope. Flux at toe needs to be much greater 
than at the crest according to the calculated potential flux. But field observation reveals the 
opposite behavior of the sediment flux. Shear velocity computed using Bagnold model for the 
estimation of sediment flux, exhibits that u* should increase up the stoss slope of the dune by 2-3 







Fig: 2.6: Wind shear velocity up the stoss slope (a) computed using log law and dotted line 
represent the threshold shear velocity, and (b) estimated using Bagnold (1941) flux 






As described by (Jackson and Hunt 1975), the boundary layer flow evolved over the dunes can be 
considered as a turbulent wind flow over a two dimensional hump and divide it into outer and inner 
regions. Surface shearing forces have no effect on the outer region and thus have minimal turbulent 
momentum exchange. While the wind profile is logarithmic and surface shear stress responsible 
for the sediment transport is significant within the inner region. The thickness of the inner layer(l), 
computed using equation 2.4, is found to be 0.54m, using half-length of the hill (L) as 20m. The 
change in roughness from gravel surface to sand surfaces and flow divergence around an 
anemometer influences the thickness of inner region. Though two of the anemometers lie within 
the inner region of the boundary layer, complexity and problem arise in the measurement of wind 
speed within this region. 
 
2.5  Relations between dune morphology, air flow, and sediment flux on reversing 
dunes (Mckenna Neuman et al. 1997) 
 
The previous study presented in section 2.4, suggested that the measurement of wind profile did 
not lie within the inner region of boundary layer where the wind profile is logarithmic and surface 
shear stress responsible for sediment transport is significant. To better understand the relations 
between dune morphology, air flow, and sediment flux, an experiment was performed over the 
three stoss slopes of two different reversing dunes at Silver Peak dune field in Nevada. Wedge 
shaped sand traps and an anemometer were installed within the inner boundary layer on each slope 
of D6 (6.12m high dune, in May 1994) and D13 (12.5m high dune, in June 1995). The orientation 
of slipface of D6 changed several times as the flow direction changed from North to South. While 





2.5.1 Results and Discussion 
 
Wind speed was collected every second at the height of 0.3m and averaged to one minute for each 
run performed over the stoss slope of the study dune. Wind speed increased as moving towards 
the crest from the toe of the dune as shown in fig 2.7. In this fig., ‘d’ denotes the horizontal distance 
from the dune and D represent the horizontal length of the stoss slope. Wind speed increased 
slowly at base of stoss face due to stagnation effect on both the North facing slope of the D6 and 
D13. While the gradual increase in wind speed is recorded on the South slope of D6 dune. The 
substantial speed-up factor and steep gradients within the crest of these reversing dunes is 





Fig. 2.7: Wind speed at height of 0.3m on (a) north and south stoss slope of D6, and (b) 




Fig. 2.8 reveals the amplification of sediment flux with distance up the slope for both the dunes. 
For all three slopes, the sediment flux increased abruptly towards the crest with an inflection point 
in between 0.6 and 0.8. It indicates that local bedform is more active towards the crest and with 
the increase in wind speed, the ratio of the flux at the crest to the base (qc/qb) decreased, suggesting 







Fig. 2.8: Sediment Flux measured on the (a) north and south stoss slope of D6, and (b) 
north slope of D13. 
 






+ 𝐶) and 
replacing surface roughness with the apparent roughness height ( 𝑧;X~u∗
=/2𝑔). Here, C is the 
empirical coefficient and its value was determined as 6.2. The threshold value of friction velocity 
was established as 0.21ms-1 for D6 south slope and 0.28ms-1 for D6 and D13 north slope. It 
indicates that under a preceding north wind event, the south slope gets relatively fine and loosely 
packed grains, which can be transported with lower friction speed. 
 
The friction velocity (u*3/u*c3), measured flux (q/qc) and the model estimate of flux (q/qc) using 




the secondary vertical axis) is presented in Fig. 2.9. The variation of sediment flux is controlled 
by incident air flow, the threshold of particle motion and distance of sediment transport. Measured  
 
Fig. 2.9: Representation of variation of normalized friction velocity, sediment flux, modeled flux 
computed using Owen’s transport model and transport stage along the stoss slope of (a) D6 North, 




dimensionless flux is in good agreement with the modelled flux in all three runs. There is a gradual 
and smooth increase in friction velocity and sediment flux on both slopes of D6 with an increasing 
elevation along the stoss slope. The significance of transport stage factor is indicated by the greater 
separation of a curve between flux and friction speed on the north slope of D6. While little 
separation between the flux and friction speed curve in case of D13 signifies the importance of 
u*3, as q∝ u*3, and therefore threshold condition has less impact.  
 
In this experiment wind speed got amplified towards the crest on the windward slope of both dunes 
and subsequently the sediment flux rate increased by an order of 1-2 in magnitude. The further 
analysis of  Mckenna Neuman et al. 1997, suggested that the moderate magnitude wind speed has 
major role on sediment transport (Mckenna Neuman et al. 2000). In addition, the intermittent 
nature of saltation plays more important role in an abrupt increase in sediment transport rate at the 










This chapter presents data collection and analysis technique used in this thesis. Section 3.2 
describes the study area. Section 3.3 discusses the data measurement methodology. The technique 
used to obtain the threshold wind velocity and shear velocity will be discussed in section 3.4. In 
addition, this section also illustrates the Fryberger and Dean (1979) model to compute the sand 
transport potential also known as sand drift potential.  
 
3.2 Site Description 
 
The Oceano dunefield, see Fig 3.1, is one of the largest active dunefields and is part of the most 
extensive quaternary aged Santa Maria dune complex that extends from north to south from Pismo 
Beach to Point Sal. Almost 27 km2 of the total area is covered by active dunes (Peterson et al. 
2010). The copious sand supply form Arroyo Grande and Santa Maria river attribute to the 
extensive nature of dune field (Masters 2006). The Santa Maria cell experiences a 4-fold increase 
in sediment yield during the wet period in comparison to the dry period (Masters 2006). The 
Oceano dunefield, also known as Pismo Dunes, extends about 7km south from Grover Beach to 
Oso Flaco estuary comprising an area of approximately 12 km2. The active crescentic dunes extend 
up to 3.3km inland and spread over older vegetation stabilized parabolic dunes that extend as much 
as 6km inland. Further active crescentic dunes and stabilized parabolic dunes continue south 
towards the Santa Maria estuary. Dunes are oriented across the prevailing northwest winds. The 
study of particle size distribution performed by Gillies and Etyemezian (2014) based on 91 samples 




comprises of  particles greater than 63µm in diameter and particles with mean diameter of 260µm 
(±13), and 430µm (±27) dominates the sample (Gillies and Etyemezian 2014a). 
 



















tOceano Dunes SVRA State Park BoundaryOff-Highway Vehicle Riding Area
Dune Preserve
S1 Wind Tower
# CDF and Mesa 2 Air Monitoring Stations
Oceano Dunes State Vehicular 









3.3 Measurement Data 
 
The S1 meteorological wind tower (see fig. 3.1) within the Oceano Dunes SVRA, is the source of 
data for meteorological variables and sediment transport parameters. The S1 tower is a 10-meter 
tall lattice tower consisting of air temperature and relative humidity instruments, a wind vane, a 
propeller anemometer, and sand transport measurement equipment. This wind tower is located at 
an elevation of 15m above mean sea level and approximately 420m away from the coast. Within 
the Oceano Dunes, the S1 wind tower is surrounded by a fence which covers around 4,000 square 
feet. For all parameters, one-minute and one-hour average data are recorded. We have used one 
minute averaged wind speed data measured at 10-meter height from 2011 to 2015 in our study. 
These data were downloaded from Oceano Dunes State Vehicular Recreation Area (ODSVRA) 
website (http://ohv.parks.ca.gov/?page_id=26819).  
 
The widely used Sensit sensor is used to measure the particle count. The Sensit sensor is an 
extremely sensitive surface movement detector which provides the data instantly as the movement 
occurs. For large energy impacts, the sensor will produce output pulses as single particle bounces 
across the surface (Gillette, D.A., 1986). The particle count data at S1 wind tower might have been 
affected due to emission from vehicular activity at ODSVRA.  
 
Sediment transport event have been identified since March 2011. Seasonal variation of 2011 is not 
presented in most of the data analysis because of the inconsistency in duration of the raw data 
provided by Oceano Dune SVRA. The percentage of one minute missing data for each year from 
2012 to 2015 is presented in table 3.1. The higher percentage of missing data for 2013 and 2015 











 Table 3.1: Percentage of missing data annually from 2012 to 2015. 
 
3.4 Methodology 
3.4.1 Determination of threshold wind speed  
3.4.1.1 Time Fraction Equivalence (TFE) method 
 
Threshold wind speed at a 10m height of S1 wind tower was computed from the one-minute dataset 
using the time fraction equivalence (TFE) method, a modeled designed by Stout and Zobeck 
(1997). (Stout and Zobeck 1996, 1997) introduced the time fraction equivalence (TFE) method to 
determine the threshold for Aeolian sediment transport. In this method, wind velocity is compared 
with entrainment activity within the measurement interval to obtain the single representative value 
of threshold wind speed during that period.  
 
The fundamental theory of TFE method is the fraction of the time during which sediment transport 
occurs should be equivalent to the fraction of the time that the wind speed exceeds the threshold 
value (Stout and Zobeck 1996). The procedure used to estimate the threshold is discussed below. 




identified as a transport event and threshold is determined for each event. The raw data is tabulated 
into three columns: measurement time, 1-minute average wind speed (m/s) at 10m height and 
Sensit particle count in numbers. First, the intermittency factor (bp(t)), which converts the sand 
transport data to binary series, is calculated directly using particle count data as, 
 
   𝑏a 𝑡 = 0	𝑖𝑓	𝑝 𝑡 = 0      
   𝑏a 𝑡 = 1	𝑖𝑓	𝑝 𝑡 > 0    (3.1) 
 
Where p(t) represents the particle count, measured in each sampling interval (here in 1 minute).  
Subsequently, the critical threshold is guessed and is used to compute the intermittency factor 
(bu(t)), which converts the wind velocity data to binary series. If ut is the guessed threshold then, 
 
   𝑏- 𝑡 = 0	𝑖𝑓	𝑢 𝑡 < 𝑢h	 
             𝑏- 𝑡 = 1	𝑖𝑓	𝑢 𝑡 > 𝑢h      (3.2) 
 
 
Now, the time series of wind speed and particle transport is transformed into binary data series of 
0 and 1. This formulated binary series is then used to compute the intermittency functions 𝛾p and 
𝛾u respectively for particle transport and wind velocity. The intermittency function for 10-minute 
averaging time (i.e., N = 10, in our study) is obtained as follows:   
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If the initially chosen ut was correct then 𝛾a  equals 𝛾-. But, if 𝛾- > 	𝛾a the guessed ut value is 
increased so that 𝛾- reduces to obtain the equivalence between the intermittency functions. 
Alternatively, if 𝛾- < 	𝛾a then ut is decreased so that 𝛾- rises and match  𝛾a. This process is repeated 
several times by changing threshold wind speed until 𝛾- equals 𝛾a	.  The obtained value of ut 
through the iterative procedure is the minimum wind speed required for the Aeolian sediment 
transport to occur. 
 
3.4.1.2 Regression Analysis method 
Several investigators such as (Lehning et al. 2006; Arens 1996; Onfeldt 2004) have used regression 
analysis and a linear model to determine the threshold values for Aeolian transport. Linear 
regression analysis will be used to estimate the threshold and statistically compare the result with 
the one computed using TFE method. Regression analysis method is conducted for each event and 
the result is compared statistically with the threshold value obtained from TFE method. This 
approach assumes that the particle count (sand transport flux) changes linearly with the wind 
velocity (Barchyn, 2010). In this method, data with zero particle count is neglected and scatter plot 
of non-zero sediment count is plotted against wind speed. An example plot for the calculation of 
threshold wind speed using regression method is as shown in Fig 3.2. Then the linear regression 
analysis is performed to obtain the threshold velocity. The point where the best fit line meets zero 





Fig: 3.2 Example plot (transport event occurred in July 2015) to represent linear regression analysis 
method for computing threshold wind velocity for sediment transport to occur. 
 
3.4.2 Threshold shear velocity 
The threshold shear velocity for each event is obtained using the equation known as the law of the 
wall:   












Where uth is the threshold wind speed at height z = 10 meter obtained using time fraction 
equivalence method, zo is the aerodynamic roughness height, and k=0.4 is the von Karman 
constant. Threshold shear velocity obtained using equation 3.1 assumes that the atmosphere is in 
neutral condition, and saltation does not affect the values of zo and k. Aerodynamic roughness 
height (zo), based on the regression data from S1 tower, is assumed to be 0.26mm (Etyemezian et 
al. 2015). The effective roughness length during the saltation intensity was increased by a 
negligible amount, so the value of zo can be kept constant in the calculation of threshold shear 
stress (Martin and Kok 2016).  
 
3.4.3 Sand Drift Potential 
The Fryberger and Dean’s (1979) model, despite some biases (Pearce and Walker 2005), has been 
widely used to estimate the sediment transport potential also known as sand drift potential in 
Aeolian environments. The monthly wind data was converted to the percent frequency winds blew 
from 16 compass direction and used to compute the effective wind regime using Fryberger and 
Dean’s (1979) model. The following equation by (Fryberger and Dean, 1979) modified from 
(Lettau & Lettau, 1978) is used to compute the sand drift potential (DP) which is expressed in 
vector units.  
           		𝐷𝑃	 ∝ 	𝑉2 𝑉−𝑉𝑡 ∗ 𝑡			    (3.2) 
 
 
Where V is the average horizontal wind speed measured at 10m height in m/sec, Vt is the threshold 
wind speed for sediment transport (also at 10m), and t is the percentage of time the wind blew 
from the given direction.  The term V2(V-Vt)*t is termed as weighting factor and provides low 




month from 2012 to 2015, where the threshold velocity used is the average threshold velocity 
computed using TFE method for that month. Total DP is the summation of the values from all 
wind direction (16 wind direction used in our study) computed using equation 3.2, in each period.  
(Bullard 1997) used the wind speed in meter per second to modify the (Fryberger and Dean 1979) 
categories where DP was obtained using the wind speed in knots. The Bullard categorized the 
environment as: low energy (DP < 27), intermediate energy (27 < DP < 54), and high energy for 
DP > 54.  
 
The vector analysis of drift potential from 16 different directions was performed to obtain its 
resultant direction and magnitude. The direction of the vector resultant of DP is known as Resultant 
Drift Direction (RDD), which points the direction of net sediment transport. While the resultant 
magnitude is referred to as Resultant Drift Potential (RDP). An index of the directional variability 
of wind is given by the ratio of RDP to DP (RDP/DP).  The ratio RDP/DP approaches unity for 
most of the winds blowing from same direction, while for the wind coming from many directions 
the ratio tends to zero. When wind blows from multi-direction (RDP/DP < 0.35), star dunes 
dominates the region. Linear dunes occur when bi-modal winds prevail with 
(0.7 ≤ RDP/DP ≥ 0.35). Regions characterized by one-direction wind, RDP/DP is high (>0.7), 























N 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
NNE 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
NE 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
ENE 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
E 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
ESE 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
SE 0.01 0.02 0.11 0.00 0.00 0.00 0.14 
SSE 0.03 0.15 1.87 2.24 0.00 0.00 4.28 
S 0.01 0.07 0.71 2.15 0.13 0.00 3.07 
SSW 0.05 0.21 0.21 0.00 0.00 0.00 0.46 
SW 0.02 0.17 0.06 0.00 0.00 0.00 0.25 
WSW 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
W 0.01 0.11 0.28 0.00 0.00 0.00 0.40 
WNW 0.27 2.83 39.68 64.12 3.26 0.00 110.16 
NW 0.03 0.19 1.45 0.07 0.00 0.00 1.73 
NNW 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
       ∑DP=120.49 
 
Table 3.2: Example table for the drift potential calculation for May 2013 with threshold wind speed 





Chapter 4:  Result and Discussion 
4.1 Introduction 
 
This chapter analyze the data, presents the output and discusses the result. Section 4.2 examines 
and discusses the seasonal and diurnal variation of wind regime. Section 4.3 defines the transport 
event and examines the threshold wind speed for each event using time fraction equivalence 
method and regression method. This section also discusses the impact of averaging time in the 
calculation of threshold using TFE method. The relationship between air temperature and relative 
humidity with threshold wind speed will also be examined. Section 4.4 addresses the threshold 
shear velocity computed using Log-Law. Potential sand transport regime using Fryberger (1979) 
model on seasonal and annual basis will be determined and discussed in section 4.5. 
 
4.2 Wind Regime 
The wind rose plot presented in (Fig. 4.1) shows the seasonal wind pattern of Oceano Dunes, 
California from 2012 to 2015 based on the data from S1 wind tower at 10m height. The seasonal 
variation of wind regime illustrates that the winds from west to northwest (onshore) constitute the 
dominant group. West to northwest winds also consists of the majority of the strong wind events. 
Winds from WNW direction appeared in almost all seasonal periods, however, the majority are in 
spring and early summer. During this time of the year, the winds are strong, persistent, and steady 
both in speed and direction. Though the winds from southeast to north directional sector are more 
dominant during winter months, they are generally light (< 5m/s). Wind speed frequency 




Strong diurnal variation of wind is observed especially during spring and summer months. Fig. 4.2 
shows the representative plot of the diurnal variation of 30-minute average wind speed and 
direction for April and June 2013. In this figure, the solid blue line represents the wind direction 
and the solid red line represents the wind speed. Along with the seasonal change, winds exhibit 
the strong diurnal variations in both speed and direction during the spring and summer. Winds are 
strong and onshore (sea breeze) after the sunrise to late-afternoon. The velocity reaches its peak 
by early mid-afternoon and afterward decreases slowly. By the late afternoon, velocity decreases 
and winds are light and offshore until the early morning.  
 
Seasonal variation in the coastal wind properties is due to the seasonal cycles of both synoptic 
scale atmospheric pressure systems and coastal marine boundary layer (Halliwell and Allen 1987). 
The fluctuations of coastal wind in winter depend on the properties (speed, direction, size, and 
strength) of propagating cyclones and anticyclones, the driving force of winter wind. During spring 
and summer, the surface wind fluctuations are driven primarily by the presence of strong inversion 
layer in the coastal marine boundary layer and the existence of gradient between two stationary 
pressure cells: North Pacific subtropical high and the southwest United States thermal low 
(Halliwell and Allen 1987). The experiment performed by DRI from May to June 2013 reveals 
that the characteristics of wind at Oceano dune field are independent of height between 3m and 
10m (Gillies and Etyemezian 2014b). Across the dune field, our result is in accordance with the 















































Fig. 4.1: Seasonal wind pattern from 2012 to 2015 based on the data from S1 wind tower at Oceano 
Dunes, California. Here, DJF represents the winter months December, January & February, MAM 
denotes the spring month from March to May, JJA is the month from June to August, and fall 















Fig: 4.2: Diurnal variation of 30-minute average wind speed and wind direction for the period of 
(a) 04/01/2013 to 04/15/2013, (b) 04/16/2013 to 04/30/2013, (c) 06/01/2013 to 06/15/2013, and 






4.3 Sand Transport Threshold 
Sand transport threshold using TFE method and regression analysis method was computed for 
each transport event that occurred from 2011 to 2015. A duration of steady sand transport lasting 
for at least an hour or more as recorded by 1-minute Sensit count is identified as the transport 
event. Five to 20 such events have been identified for each month and 90 to 95 per annum.  As can 
be seen in Fig. 4.3(a) there is the strong seasonal pattern of transport event based on the criteria 
described above. The maximum number of transport event and duration of transport peaks during 
spring from March to May and early summer.  
 
Table 4.1 shows the percentage of one minute averaged data with particle count (PC) greater than 
zero recorded by Sensit. Spring months have highest percentage of data with PC > 0, while fall 
months have lowest percentage of data with PC >0.  Our selection of the number of transport event 
is also supported by the seasonal variation of total particle count, which is also maximum during 
spring from 2012-2015 (Fig 4.3(b)). Though the threshold for the transport events in 2011 is 
computed, seasonal variation of 2011 is not presented in the figure because of the inconsistency in 
continuity of the raw data provided by Oceano Dune SVRA.   
 
 DJF MAM JJA SON 
2012 10.86 % 19.51 % 9.14 % 6.73 % 
2013 6.90 % 18.12 % 5.71 % 6.49 % 
2014 8.39 % 16.31 % 6.37 % 7.19 % 
2015 8.10 % 11.03 % 9.55 % 8.16 % 
 






              
Fig. 4.3: Seasonal variation from 2012-2015 of (a) number of sand transport events, and 
(b) total particle count. In this figure, DJF represents the winter months December, January 
& February, MAM denotes the spring month from March to May, JJA is the month from 





4.3.1 Time Fraction Equivalence method 
Using the method described in section 3.4.1.1, the 10-meter threshold wind velocity for the 
sediment to be transported was determined for each defined event. In this calculation 10-minute 
averaging time was used to estimate the intermittency function. An example plot of an event from 
October 2014 with its threshold wind speed, particle count and wind speed at 10m above ground 
level is shown in Fig 4.4. Threshold velocity for transport to occur, computed using TFE method 
ranges from 5.18 m/s to 8.49 m/s which is displayed in Fig. 4.5. The annual mean threshold speed 
ranges from 6.84 m/s to 7.32 m/s. The seasonal mean of the threshold from 2012 to 2015 is 
presented in table 4.2. No significant pattern of seasonal threshold wind velocity has been 
observed.  
 
Fig.4.4: Wind speed above 10-meter from surface against Sensit particle count for an event 
occurred in October 2014. The shaded portion in this plot represents the wind speed above 






Fig 4.5 Threshold wind speed estimated using TFE method for all 417 events from 2011 to 2015. 
 
Year/Seasons DJF MAM JJA SON 
2012 6.55 7.25 6.94 7.1 
2013 7.38 7.36 7.06 7.25 
2014 7.11 6.96 6.94 6.84 
2015 7.19 7.03 6.98 7.24 
 





Threshold wind speed computed above can be compared with the one made by (Gillies and 
Etyemezian 2014b). In their report, they have defined the threshold wind speed as the mean of all 
wind speed values that indicate saltation has been registered by the Sensit in an hour immediately 
following an hour for which no Sensit counts were registered. The study estimated the threshold 
at two different heights 3m and 10m. The 3m threshold wind speed ranged between 4.01±0.86 m/s 
to 6.28±2.38 m/s and the mean threshold of the study area is 4.97±0.70 m/s. At 10m above ground 
level threshold speed ranged between 5.81±1.34 m/s to 6.21±1.50 m/s. (Gillies and Etyemezian 
2014a) computed the threshold shear velocities using Bagnold’s (1941) expression for two 
different dominating sized particles in Oceano and converted it to threshold wind speed at 10 meter 
above ground level. It was found that the threshold velocity at 10 m for 414µm and 230µm particle 
is 8.6 ms-1 and 6.4 ms-1, respectively. This reveals that the range of threshold value computed by 
TFE method for 417 events from 2011 to 2015 is comparable with the minimum speed required 
for movement of dominating particle of Oceano dunes. 
 
The threshold value measured using TFE method is a representative of different factors that affect 
the saltation activity, during the study period. Factors such as vegetation cover or surface 
roughness, soil moisture, crusting, sediment availability and turbulence properties are reflected in 
the measured threshold. In a sand transport system, each grain holds a unique threshold value 
depending on their exposure and contact with adjacent grains (Grass 1982).  The TFE method 
assumes that the sand transport should occur when the wind speed exceeds the threshold and 
should not occur for the wind less than threshold velocity. However, sometimes the saltation 
activity may not be initiated with speed greater than threshold due to time lag effect and saltation 




The measurement height, undetected events by the sensor, response time and sampling period may 
have affected the result of threshold computed using TFE method (Wiggs et al. 2004a). 
 
 
4.3.2 Effect of averaging time on threshold speed  
As already mentioned, the calculation of threshold wind speed was performed using 10-minute 
averaging time. To study the impact of the selection of averaging time on threshold wind speed, 
we randomly chose the nine different events from 2011 to 2015 from different seasons and 
computed threshold wind speed using different averaging time. We determined five threshold wind 
speed for each event using 5-minute, 10-minute, 15-minute, 20-minute, and 30-minute averaging 
time. Minimal change or no change was observed on the computation of threshold wind speed 
when the averaging time was increased from 5 to 30 minutes, see Fig. 4.6.   
 
 




This result contradicts with the result presented by Wiggs in 2004 and Stout in 1998 (Wiggs et al. 
2004a; Stout 1998). Wiggs (2004) performed the averaging time effect with 3 hours 1 Hz data and 
estimated that the threshold speed decreases with the increase in averaging time from 0 to 60 
seconds. Our study has one minute time average data which accounts the saltation activity that 
occurred in whole one minute. As saltation activity occurs in very small timescale (seconds to 
microseconds), the dispute in the result is due to the frequency of data collection. (Stout 1998) 
suggests that, as averaging time approaches zero the threshold appears to approach the true 
threshold speed. It requires high sampling frequency of saltation activity and wind measurement 
to truly represent the eroding surface (Stout 1998). 
 
4.3.3 Regression analysis method 
Threshold wind speed for each event was obtained using regression analysis method as described 
in section 3.4.1.2. In this approach, only the wind speed with particle count greater than zero is 
considered, and it assumes that the sediment transport rate changes linearly with the increasing 
wind velocity. The threshold speed from 2011-2015 determined using this method is compared 
with the threshold obtained from TFE method, see Fig. 4.7.  There is no strong correlation between 
the threshold obtained using regression method and TFE method. 
 
In 90% of the events, threshold wind speed obtained using regression method is greater than the 
one computed from TFE method. This reveals that the threshold values obtained from different 
calculation methods are not consistent. As Bagnold (1941), suggests that the sediment flux is 








Fig. 4.7 Comparison of threshold wind speed computed from TFE method and regression 




4.3.4 Mean meteorological variables and threshold wind speed 
 
The mean air temperature and relative humidity are plotted against the threshold wind speed 




during the sand transport event ranges between 8.36oC to 28.65oC. No significant correlation 
between mean air temperature with threshold wind speed was observed, in any season studied 
between 2012 to 2015 (see, Fig. 4.8). Relation of air temperature and threshold speed can be 
viewed from different aspect. Though it is little known, after the period of higher temperature (15- 
25oC) crust of algae developed on the beach surface of the Netherland, increasing the threshold 
wind velocities (Arens 1996).  
 
Mean relative humidity during the 417 transport event ranges between 25.55% to 94.86% (Fig 
4.9). Like the temperature, no direct meaningful correlation was established between relative 
humidity and threshold wind speed. However, (Arens 1996) obtained the positive correlation 
between the threshold speed and relative humidity less than 85%, only if the data are aranged on 
the basis of wind direction, on a beach in a temeprate humid climate. The model developed by 
(Arens 1996) fits that particular location only if the winds are parallel or slightly oblique to the 
























4.4 Threshold shear velocity 
The threshold shear velocity computed using the log law as described in section 3.4.2 and threshold 
velocity computed using TFE method ranges from 0.20m/s to 0.31m/s. The seasonal threshold 




threshold friction velocity does not follow any specific trend. These values of threshold friction 
velocity can be compared to the one obtained by (Gillies and Etyemezian 2014). Depending on the 
particle size the threshold friction velocity was estimated as 0.33m/s for a 0.414 mm diameter 
particle and 0.24m/s for the 0.230mm particle. Also (Martin and Kok 2016), at the height of 0.5m 
at Oceano, estimated the threshold friction velocity as 0.27±0.01 m/s. The computation of 
threshold shear velocity considers that the atmosphere is in the neutral condition, and saltation 






Table 4.3: The seasonal average of the threshold shear velocity and its standard deviation from 
mean. 















2012 0.2483 0.0218 0.2579 0.0235 0.2630 0.0145 0.2691 0.0181 
2013 0.2796 0.0176 0.2788 0.0131 0.2675 0.0088 0.2746 0.0184 
2014 0.2694 0.0164 0.2636 0.0158 0.2628 0.009 0.2592 0.0207 





4.5 Sand Drift Potential 
 
Sand drift potential was estimated for each month from 2012 to 2015 using a Fryberger (1979) 
model as discussed in section 3.4.3. There is strong month to month variation in drift potential 
which ranged between 2 VU (September 2012) to 120 VU (May 2013). Also, strong seasonal 
pattern of drift potential has been observed in Oceano Dunes.  DP is at its peak during spring and 
early summer from March to June (see Fig. 4.10). Drift potential decreases abruptly from mid-
summer to fall and then increases slightly in winter. Mean annual DP ranges between 37 VU 
(2012) and 23 VU (2015), showing an overall decreasing trend, (see red square marker in fig 4.10).  
 
The vector analysis of 16 direction DP indicates that the annual resultant drift direction (RDD) of 
sand transport for 2012 and 2014 (127o & 126 o) was towards South-East (SE), while for 2013 and 
2015 (114o) sand transport was towards East-South-East (ESE). Winter months of 2012 had 
southeast RDD with mean value of 141.43o and fall months of 2012 and winter months of 2014 
experienced the south-southeast RDD, see table number 4.4. While all other remaining seasons 
from 2012 to 2015 had the sediment transport oriented towards east-southeast direction. This 
reveals that winds from WNW and NW are dominant and strong during four-year period. The 
monthly plot of DP, RDP, RDD, and directional variability from 2012 to 2015 is presented in 
Appendix B. 
 
The resultant annual drift potential (RDP) ranges between 31 VU (2012) to 22 VU (2015). An 
index of directional variability, ratio of RDP to DP (RDP/DP), of the sand transport is lowest 




during spring and summer months, i.e. the winds are least variable and most persistent. Mean 
RDP/DP ratio ranges between 0.80 (2012) to 0.97 (2013) and the overall mean ratio of the study 
period is 0.89 which is strongly unidirectional. 
 
 DJF MAM JJA SON 
2012 141.43o 109.26 o 112.30 o 164.10 o 
2013 111.03 o 113.32 o 112.54 o 113.49 o 
2014 165.07 o 109.19 o 112.01 o 112.28 o 
2015 119.47 o 113.62 o 111.18 o 118.02 o 
 
 





Fig. 4.10: Seasonal and annual drift potential. Dotted lines separate the low energy, intermediate 





Fig. 4.11: Ratio of seasonal and annual resultant drift potential to drift potential (directional 
variability) from 2012 to 2015. 
 
Wind energy, direction and duration of strong winds are the most important factors for sand drift. 
In the Oceano dunes, spring and early summer months (March to June) is the period of greatest 
potential sand transport. Almost 2/3rd of the annual total transport potential is contributed by March 
to June months. According to the Bullard (1997) criteria, the annual sand moving wind regime lies 
in the intermediate energy region from 2012-2014, while it drops down to low energy environment 
for 2015.  
 
The monthly and seasonal RDD indicates the tendencies of monthly and seasonal sand transport 
while the annual RDD reveals the net direction of dune migration in a long period.  In accordance 
to the overall RDD for the four-year period shows that the orientation of Oceano dunes is towards 
east-southeast. Though there is the low variability, late summer months and fall months do not 




favorable condition for transport activity to occur. The wind regime with unidirectional winds 
(RDP/DP = 0.89) at Oceano dunes supports the crescentic dune formation. 
 
Our result can be correlated with the El Niño -Southern Oscillation (ENSO) which is characterized 
by fluctuations in sea surface temperature across the equatorial Pacific Ocean. The ENSO 
determines the annual to decadal scale climatic variability in the coast of California (Masters 
2006). During El Niño (warm phase of ENSO) years, from November to March the southern 
California experiences more precipitation than La Niña (cold phase of ENSO) years (Okin 2002). 
During our study period, the ENSO cycle changes from strong La Niña (2011, 2012) to strong El 
Niño (2015). 2013 experiences weaker La Niña and 2014 experiences weak La Niña to strong El 
Niño. 
 
During La Niña period of 2012 high drift potential is observed with increased total particle count. 
While during El Niño period of 2015, Oceano experiences the low drift potential and decrease in 
total sediment count (see Fig.4.3b). After the strong winter (DJF) La Niña, the spring of 2012 
undergoes the abrupt increase in sediment transport activity. While there is less transport activity 
after the strong DJF El Niño in 2015. This shows that there is a correlation of transport activity 
with the preceding DJF ENSO anomaly. The elevated transport activity in spring of 2012 and 2013 
is due to the lag-effect of strong La Niña period in 2011 and 2012.  The above result is comparable 
with those presented by (Okin 2002), where the dust event frequency over the southwestern region 





In our study, drift potential at 10-meter decreased during El Niño (2015) and increased in La Niña 
period (2012). The 42 year modeled climatology study (Berg et al. 2013) of Southern California 
concluded that during El Niño events there is a general increase in 24-hour mean wind speed at 
10-meter, while in La Niña period there is general decrease in daily averaged wind speed. 
However, in a sub-region that lies south of Oceano dunes, the same study by Berg (2013) reveals 
the increase in mean surface wind speed during La Niña and decrease in mean surface speed during 
El Niño period. But, Berg (2013) study does not cover the Oceano region. Our four years result of 
drift potential (sand-moving capacity of winds) is comparable with this sub-region which deviates 
from the general conclusion of mean wind speed anomaly presented by Berg (2013). Thus, long-
term climatology study is required to conclude the relationship between the ENSO anomaly and 
drift potential at Oceano Dunes.   
  
DP is a potential sand drift, as the actual drift further depends on the mean grain diameter, the 
degree of surface roughness, the amount and type of vegetation or crust cover, the amount of 
moisture in the sand, and the uniformity of wind direction (Yizhaq et al. 2009).  Though Fryberger 
and Dean’s (1979) method gives the primary information on sediment transport activity over 
dunes, there are other involved factors, which are not accounted by this model, that controls the 
dune movement. Rates and direction of sediment migration are highly depended on the surface 
roughness, and the alignment of dunes, which are not accounted by Fryberger and Dean’s model. 
Dune migration in length unit need to be compared with the drift potential to establish the 





Chapter 5: Conclusion 
 
5.1 Introduction 
This chapter summarizes the results presented in this thesis and recommends for future work. 
Section 5.2 provides the conclusion of the results. The recommendation for the further research 
will be outlined in section 5.3.  
 
5.2 Conclusion  
This thesis employs the one-minute averaged five-year data (2011-2015) from the measurements 
performed by Oceano Dunes State Vehicular Recreation Area (ODSVRA) since 2010. It utilizes 
10-meter wind speed data from S1 wind tower within the ODSVRA to study the wind regimes, 
threshold speed and sand transport potential at Oceano Dunes, highly active coastal dunes of 
California. Threshold wind speed is a key parameter in establishing the relationship between the 
wind energy and sediment transport in the natural Aeolian environment. Long-term assessment of 
wind regime and transport potential give insight on the sand transport rate and dune dynamics.  
 
The main conclusions of this thesis are summarized as follows: 
 
1. Winds from west-northwest direction dominates the Oceano dunes in all seasons. However, 
the majority of strong, persistent and steady winds are during the spring and early summer 
from May to June. Also, strong diurnal variation of wind speed and direction was observed 
during spring and summer. Winds are strong and onshore after sunrise to late-afternoon, 




2. Strong seasonal pattern of sediment transport event with maximum number during spring 
was identified from 2011 to 2015. Threshold velocity computed using time fraction 
equivalence method with 10-minute averaging time ranges from 5.18m/s to 8.49m/s for 
417 events and does not display any significant seasonal pattern. Variation of averaging 
time from 5 minutes to 30 minutes shows minimal or no effect on threshold value. As 
saltation activity occurs in very small timescale, minimal effect of averaging time is due to 
the frequency of data collection. 
 
3. No significant correlation between mean air temperature and relative humidity with 
threshold wind speed was observed, in any season studied between 2012 to 2015.  
 
4. The threshold shear velocity computed using the log law ranges from 0.20m/s to 0.31m/s 
and does not follow any specific seasonal trend. Values of threshold friction velocity is 
comparable with the one obtained by (Gillies and Etyemezian 2014) at Oceano dunes.  
 
5. Almost 2/3rd of the annual total sediment transport potential or drift potential, obtained 
using Fryberger (1979) model, is contributed by March to June months. The annual sand 
moving wind regime lies in the intermediate energy region from 2012-2014, while it drops 
down to low energy environment for 2015. The vector analysis of 16 direction DP indicates 
that the mean resultant drift direction (RDD) of the sand transport is towards east-southeast 
(ESE).  The mean directional variability from 2012 to 2015 is 0.89 which indicates that the 
sand transporting wind of Oceano Dunes is strongly unidirectional and supports the 




6. During La Niña period of 2012 high drift potential is observed with increased total particle 
count. While during El Niño period of 2015, Oceano experiences the low drift potential 
and decrease in total sediment count. After the strong winter (DJF) La Niña, the spring of 
2012 undergoes the abrupt increase in sediment transport activity. There is less transport 
activity after the strong DJF El Niño in 2015. A correlation of transport activity with the 
preceding DJF ENSO anomaly is observed. 
 
5.3 Future Recommendation 
This thesis presented the long-term analysis of wind regime, threshold velocity, and transport 
potential of highly active Oceano Dunes in California. Based on the findings and understanding of 
the current study, following recommendations are made for future research.  
1) Precipitation, evapotranspiration and soil moisture monitoring equipment need to be 
installed to further examine the relationship between the meteorological variables and 
saltation activity. It helps to investigate how dune activity responds to long term climate 
change. 
 
2) Conduct research to study the response of vegetation cover on saltation activity on seasonal 
and annual timescales.   
 
3) Installation of instruments capable of measuring high frequency three-dimensional wind 
speed and saltation activity can provide detailed insight into the near surface turbulence 
characteristics and sediment transport. High frequency data could provide more accurate 





4) Perform similar type of study downwind of the current location to support the seasonal and 
annual patterns of wind regime and transport potential we obtained.  
 
5) Long-term climatology study of Oceano dunes needs to be performed to establish the 
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Drift potential (DP), resultant drift potential(RDP), resultant drift direction(RDD) 
and directional variability of Oceano dunes from 2012 to 2015 on monthly basis 
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